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1.0 SUMMARY

Gamma ray heating rates measured in a block of beryllium
oxide located in the reflector of the Spherical Gas Core Critical
Experiment gave results nominally a factor of two higher than those
calculated. A transport code and a point kernel shielding code were
used for the calculations. Fair agreement was obtained between the
two calculational methods with the point kernel shielding code yield-
ing results 8 to 107 higher than the transport code. Both calculations
utilized nominally the same photon reaction cross section data in 18
energy group detail.

Heating rate distribution through the BeO block was meas-
ured with LiF thermoluminescent dosimeters (TLD) highly depleted in Li
such that the manufacturers quoted Li® contamination was nominally
0.005%. Even though the Lib contamination and the Li’/ and F thermal
cross sections appear small, the TLD response from thermal neutrons is
appreciable and a correction was made using thermal neutron flux values
measured through the block. Use of a small beryllium Bragg-Gray chamber
was utilized as a calibration check on the TLD's. The results agreed
to within 11%. Thus two methods of measurement in fair agreement
yield results nominally a factor of two larger than results from two
methods of calculation, also in fair agreement.



2.0 INTRODUCTION

The gamma ray heating rate measurements described in this
report were conducted as an extension of tests previously performed
with the Spherical Cavity Reactor Critical Experiment. A detailed
description of the previous experiments is given in Reference 1. All
of these experiments have been performed in support of the gas core
nuclear rocket concept. This concept envisions an optimized reflector-
moderator system consisting of an arrangement of annuli of heavy water
and beryllium oxide moderators as shown in Figure 2.1 '

The experiment reported in this document was performed with
rectangular blocks (of various thicknesses) of BeO suspended in the
D,0 reflector moderator tank of the Critical Experiment to "mock-up"
a section of heat shield in the-reflector.

Energy deposition rate measurements were made through the
BeO slab with LiF thermoluminescent dosimeters (TLD). Beryllium Bragg-
Gray chamber measurements were obtained in an aluminum tube which
penetrates the block and these measurements were correlated with TLD
measurements at the same location.
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3.0 TEST CONFIGURATION AND APPARATUS

3.1 Reactor Configuration

The general reactor configuration is shown in Figure 3.1. An
aluminum tray suspended from the 1lid of the reflector-moderator tank was
used to hold an assembled block of beryllium oxide in the heavy water
reflector tank. The block, a mockup of an annular BeO heat shield sector,
was constructed from 1/2 hexagonal bars of BeO, nominally 4.76 cm across
corners by 14.29 cm long. Measurements were made through three block
thicknesses (12.42 cm, 22.77 cm, and 31.05 cm) and the rectangular dimen-
sions in each case were 71.44 cm x 69.22 cm.

The aluminum tray in which the blocks were assembled was
open at the top, with outside dimensions of 91.44 cm x 91.44 cm x 30.48
(height) cm with 0.633 cm thick walls and bottom. It was positioned
5.08 cm above the sphere forming the inner wall of the moderator tank
as shown in Figure 3.1. A hole cut in the center of the tray allowed
it to slip down over the sensor tube, a 2-inch schedule 40 aluminum
pipe, which extends up from the cavity wall (inner wall of the D50 tank) .
This tube served as an access hole for sensors into the reactor. The
bulk of the gamma ray heating measurements were made vertically through
the BeO slab at a distance of 30.48 cm from the center of the sensor
well, using the small thermoluminescent dosimeters (TLD) inserted
. between the beryllium blocks. During the gamma ray heating measure-
ments the sensor tube was plugged with beryllium oxide over the same
axial distances covered by the main beryllium heat-shield block.
v The reactor fuel loading was 14.631 kg of uranium, 93.2%
U23s enriched, in the form of UFg maintained in the vapor state by a
hot air heating system. A spherical annulus between the core heating
system shrouds and the sphere forming the inner wall of the D,0 reflector-
moderator tank contained 22,33 kg of foamed polystyrene and 14,23 kg of
polyethylene sheet cut and distributed evenly throughout the volume.

A more detailed overall diagram of the Spherical Cavity.
Reactor Critical Experiment is shown in Figure 3.2 and Table 3.1 is a
component code to identify the parts. . Table 3.2 gives a description
of the reactor components. The configuration is essentially similar
to the configuration #2 described in References 1 and 16.

3.2 Description of Devices Used to Measure Heating Rate
f
_ The bulk of the heat rate measurements were made with small
thermoluminescent dosimeters. These devices are LiF* chips nominally
0.3175 cm x 0.3175 cm x 0.889 cm formed by compacting LiF powder to an
average measured density of 2.69 gms/cm3. The TLD-700 series dosimeters
used for these experiments are depleted in Li® so that the manufacturers

* (CaF dosimeters were also installed in the experiment, but the data

proved to be most inconsistent and unusable.



quoted Li6 content is nominally 0.005%, thus substantially reducing the
thermal neutron sensitivity.

Calibration, data readout, and dose conversion were performed
by the AEC T1daho Operations Health and Safety Laboratory. There, the
fundamental calibration standard is a Cobalt-60 source with gamma rays
at 1,17 and 1.33 Mev. However, absorbed dose depends both on the gamma
ray energy spectrum and the absorbing material. Therefore, a beryllium
Bragg-Gray chamber was exposed in the sensor well with each TLD traverse
to give a direct calibration of the TLD reading. This chamber was fab-
ricated by milling out a chamber volume in a 1/2 hexagon bar of beryllium
and fitting with a polystyrene insulator and a central electrode to give
a net chamber volume of 2.28 cm3. The center of the chamber volume was
located 8.1 cm above the bottom of the BeO block for all of the measure-
ments where TLD traverses through the block were made. The TLD cal-
ibration was performed by placing several of the TLD's directly in the
chamber cavity on a separate run from the one for which the cavity
current was measured. Fundamentally, this calibration should be con-
sidered the only valid calibration, for it is not subject to the dif~
ferences in gamma spectrum which result from the use of a Co-60 cal- -
ibration. However, both results are reported for reference.



Sensor Tube .
30.48cm S~ /Zin. SCH 40 AL Pipe

Location of ———— | BeO )
--! 7 633cm w«:lhl-s
|
|

TLD Traverses Slab

2
~N L5.<‘)ecm

.635cm Al Wall

.635 ecm Al Wall

63.138 cm

\ ;
) ,

90.920cm

UF(S Fuel Region

CH-22.33kg
CH,~14.23kg

ozo Reflector ~-Moderator
Region

ANC-A-314

Flgure 3.1 D1agram of Spherlcal Gas Core Reactor showing gamma
heat1ng measurement detail. :
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TABLE 3.1

Spherical Cavity Reactor Configuration Code

- Code No.

O o310\ FWw -

T11
12
“ 13
1L
16
17
.18
19
20
21
22
23
oL
25
26
.27
28
29

Desbription

Core sphere tank

Air flow guide bvaffles

Cavity sphere tank

Stainless steel V-band connector

Do0 tank

Sensor well

Removable D0 tank 1id

D0 level sensing and fill level limit switches

Typical of 8 symmetrical control rod actuators’
and. support ' '

Cdntrol rod poison tip (cluster of three per actuator)

Control rod guide tube

Core tank support column

Cavity tank support column

UFg fuel line

Cavity tank hold down rod (typical of 8 symmetrical)

Core tank valve ' .

Air operated D0 quick dump valve

Motor operated D,O inlet control valve

Do0 fill line

D0 overflow and cover gas return line

Main support column

Valve bellows and valve actuating mechanism

Do0 tank support co%umn

Emergency Do0 catch tank -

Work platform ‘

Hand rail

UFg transfer and core heating system

D0 storage tank °















































































